We report measurements of the differential cross sections of P" and $ meson photoproduction on hydrogen for a range of fourmomentum transfer squared, t , from -0. 2(GeV/c)2 to -0. 9(GeV/c)2 and a range of incident photon energies from 6.5 GeV to 17.8 GeV.
I
Extensive measurements have been made at photon energies below 6 GeV on the forward photoproduction of p and ~-mesons.
1 The results of these measurements have been successfully explained in the framework of the vector meson dominance theory. 2 The vector meson dominance assumption implies that the cross section do/dt for y + p --) V" + p, where V" is the vector meson, is proportional at high energies to the cross section for elastic scattering of transversely polarized vector-mesons, namely do/dt (y+ p 3 V o+p) ==; do/dt (V" + p --) V" + p) (1) where CY = l/137 and yv is the coupling of a virtual vector meson to a real photon.
The cross section for the elastic scattering process p" -t p -+p" + p would be expected, on the basis of the quark model, to be equal to the mean of the cross sections for 7~+p and n-p elastic scattering.
Attempts to explain $-meson production in the same framework have been less obviously successful. 3 Theoretically the relationship of $I nucleon cross sections to n-mesons and K-mesons cross sections is less clear. Experimentally little data is available.
In this experiment we measured a combined cross section for p" and omeson production over a wide range of energies, 6.5 GeV -17.8 GeV and t values from -. 2 (GeV/c) 2 to -.9 (GeV/c) 2. We made a smaller number of measurements of $-meson production.
To perform the experiment we passed a bremsstrahlung photon beam through a 12" long by 2" diameter liquid hydrogen target at the SLAC accelerator, and observed the recoiling protons produced in the target with a 90' bend spectrometer capable of analyzing momenta up to 1.6 GeV/c. Protons were identified in the trigger counters on the basis of pulse height and by vetoing 7r-mesons with a lucite Cerenkov counter. As has been described previously, was split by hodoscope counters into eight bins, "Integral" yield curves were taken with the spectrometer momentum and primary beam energy held constant, while the angle of the spectrometer was varied. In addition differential yield curves were obtained where two integral curves taken at different peak energies
El and E2 were subtracted one from the other. The "differential" yield curves corresponded to excitation by a narrow band of photon energies between these energies El and E2. Figure 1 shows such a "differential" curve obtained by subtracting the yields obtained as a function of angle at 17.8 GeV and 16.0 GeV both at a t value of -0.7 (GeV/c)2. We only observed the recoiling proton in the final states and thus only determined the "missing mass" of the other products of the reaction. We did not have sufficient resolution to distinguish W-meson production from PO-meson production. We obtained our PO-meson cross sections by correcting the measured cross sections assuming a 9:l ratio of the P" and 0 cross sections. 5 To analyze our yield curves, both differential and integral, we least-squares fitted our curves with x0 production, a polynomial background, P" production with a width Tp, mass Mp and a 10% admixture of O-mesons. We found that the best fits were obtained with a width rP ry 125 MeV, a standard BreitWigner decay curve and a p mass of 770 MeV. Inclusion of an mm4 factor in the 7ra p shape6 did not usually improve the fits. Cur statistical errors were usually small and our main source of error arose from the uncertainties in separating out the nonresonant background contributions to the yields. This separation is dependent on the assumed shape and width of the p-meson.
In view of current uncertainties in this shape and width we assigned in most cases an error of i-30% to our determination of this non-resonant background.
-3-I The +-meson production cross section was considerably smaller than the po-cross section. The yield of @-mesons was measured in a region where the bremsstrahlung beam also produced a considerable yield of protons associated with p"-production.
.While the small decay width of the e-meson gives a sharp and distinctive threshold to the production of $-mesons, very good statistical precision is necessary to distinguish the @-production from the other background processes.
We analyzed the @-meson yield curves assuming relatively smooth backgrounds and made conservative error assignments on the basis of a detailed statistical analysis. 7 Figure 2 shows our values for da/dt versus t for p" production. Our results at 6.5 GeV are in good agreement with the DESY bubble chamber measurements.
1 The cross sections between 11.5 GeV and 17.8 GeV are almost constant with energy at all t values and are completely consistent with a nonshrinking diffraction peak going as -e 8.5t . Moreover, only at -t = 0.7(GeV/c) 2 and 0. 9(GeV/c)2 is there a large drop in going from 6.5 GeV to 11.5 GeV, which suggests a small non-diffractive contribution at large -t decreasing rapidly with energy above 6.5 GeV. The cross sections at each energy were fitted with the form g = A eBt+Ct2 and the values of A, B and C found are shown in Fig. 2 .
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